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ABSTRACT 

This  report  describes  a method  of  using  e chart  to  determine 
the  minimum  range  from  a radar  at  which  an  echo  from  a shio 
can  be  screened  by  jamming.  Two  types  of  problems  can  be  solved: 
(’ll  the  problem  of  determining  the  minimum  sel  f -screenin  g roige 
for  a ship,  i.e.,  the  minimum  range  to  which  a ship  carrying  a 
jammer  can  approach  undetected:  and  (2)  the  problem  of  deter- 
mining the  minimum  range  of  safe  aporoach  when  the  jammer  is 
at  a temporarily  fixed  location,  not  on  the  ship  to  be  protected 
Two  problems  are  worked  out  to  show  the  proper  use  of  the  chart. 
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A CHART  FOR  COMPUTING  RADAR  MINIMUM  JAMMING  FOR  SHIPS 


INTRODUCTION 

The  solution  of  the  problems  encountered  in  the  simulation  of  ship  targets  by 
means  of  special  radar  reflectors  led  ai  a by-product  to  u relatively  simple  method 
for  solving  certain  radar  jamming  problems.  This  report  describes  a method  of  de- 
termining the  minimum  range,  from  an  enemy  radar,  at  which  the  echo  from  a ship  will  be 
undetectable  through  jamming.  Problems  of  this  type  can  be  divided  conveniently  into 
two  general  classes:  (a)  the  problem  of  determining  the  minimum  se 1 f -screen ing  range 
for  a ship  i.e..  the  minimum  ranger  to  which  a ship  carrying  a jarrrr.er  can  approach  a 
given  radar  without  being  detected;  and  (b)  the  problem  of  determining  the  minimum  range 
of  safe  approach  wiien  the  jammer  is  at  a temporarily  fixed  location,  net  on  the  ship 
to  be  protected  or  "screened"  by  the  jamming.  The  jammer  may  be  located,  for  example, 
on  another  friendly  craft. 

The  method  to  be  described  is  believed  ;o  be  shorter,  simpler,  and  more  general 
than  other  methods  that  have  been  used  to  compute  minimum  jamming  range.  It  is  also 
believed  that  this  method  would  be  practical  for  use  in  naval  operations,  and  that  it 
would  be  easy  to  teach  in  the  schools. 

As  pointed  out  in  a previous  NRL  report  (2),  the  mathematical  equations  determining 
minimum  jamming  range  cannot  be  solved  explicitly,  and  in  that  report  a set  of  nomo- 
grams is  presented  to  make  possible  a solution  without  an  excessively  laborious  cal- 
culation. Instead  of  using  nomograms,  the  method  to  be  described  herein  makes  use  of 
a chart  and  a scale,  and  in  addition  requires  the  numerical  solution  of  two  or  three 
simple  equations.  No  algebraic  manipulation  is  involved;  only  an  arithmetice'  com- 
putation. The  chart,  together  with  a movable  scale  sr.- dusted  in  logarithmic  units  of 
range,  can  be  constructed  fairly  simply.  Samples  of  these  are  included  in  this  report, 

BASIC  THEORETICAL  RELATION'S 


The  power  density  of  an  ?cho  received  at  the  radar  antenna  from  a ship  target  is 
represented  by: 
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and  the  power  density  of  the  jamming  tignal  received  at  the  radar  antenna  is  represented 
by  the  equation: 
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For  on  ideal  typo  of  i r.mniny  signal  ("pure  noise"),  the  eelw  s j ”tl  a 1 “'ill  be  jammed 
whenever  the  jsicning-sigiinl  power  density  (P-s)  is  equal  to  or  greater  thou  the  echo 
power  density  (P  , Pj).  Therefoie  if  the  curves  of  Figures  1 and  2 are  plotted  on  the 
seine  sheet,  the  point  of  intersection  of  s with  either  of  the  other  curves  will  repre- 
sent the  minimum  sel f- screening  range  for  the  particular  values  chosen. 

For  "non-ideal"  types  of  jamming  signals,  the  minimum  jamming  range  may  be  de- 
termined by  using  a "corrected"  figure  for  Pj . This  corrected  figure  may  be  called 
the  effective  j power,  it  i,  ootatned  by  dividing  the  actual  jamming  power  by  the 
screening  rofio,  whose  value  is  determined  by  laboratory  measurement  (3). 

For  a complete  understanding  of  the  procedure  to  be  described  later,  it  is  important 
to  note  that  certain  limiting  conditions  apply  to  the  value  of  the  minimum  self-screening 
ranger 

(a)  Whenever  the  linear  portion  of  the  jaimting  curve  lies  below  the  Pn  curve 
the  minimum  jamming  range  is  obviously  bound  to  be  in  the  far  zone 

(b)  If  the  level  of  the  jamming  curve  is  increased  indefinitely,  starting  at 
any  arbitrarily  low  level,  it  will  ultimately  resch  a value  such  that  the  intersection 
with  the  echo-power  curve  ia  on  the  steep  portion  of  the  jamming  curve,  adjacent  to  the 
null  region.  When  this  level  is  reached,  further  increase  will  not  change  the  mini- 
mum jamming  range  appreciably.  Its  value  become*  practically  a constant  independent 
of  the  jamming  power.  This  value  is,  in  fact,  dependent  only  on  the  antenna  heights 
and  on  the  frequency. 

The  minimum  range  of  protected  approach  for  a given  type  of  ship  may  also  be  de- 
termined graphically  when  the  jamming  transmitter  is  not  located  on  board  the  ship  being 
protected,  Tn  this  case  ti,.--  j anming  transmitter  should  be  at  some  fixed  arbitrary  range 
from  the  radar,  but  not  too  close  to  a null  region.  First,  curves  similar  to  Figures 
1 and  2 are  drawn,  using  actual  numerical  values  calculated  from  the  basic  equations. 
On  the  curve  corresponding  to  Figure  2 the  ordinate  at  the  range  representing  the  jam- 
mer’s location  is  read.  Then,  on  the  curve  corresponding  to  Figure  1 a horisontal  line 
is  drawn  at  this  ordinate  value.  The  intersection  of  this  line  with  the  solid  portion 
of  either  the  Pn  or  the  curve  give#  the  desired  minimum  jamming  range. 

Obviously  this  curve-plotting  procedure  for  determining  the  minimum  jamming  range 
requires  excessive  labor  and  is  tedious.  The  need  for  a shorter,  less  laborious  method 
of  computation  such  as  the  one  to  be  described,  ia  evident, 

THE  CHART  METHOD 

Samples  of  tne  chart  used  in  this  method  of  computation  ar-  included  in  thiv  re- 
port ss  Figures  3 and  4.  Cnee  made,  the  chart  can  be  used  indefinitely  for  the  solution 
of  specific  jamming  problems.  Or,  if  sufficient  use  can  be  made  of  the  charts  to  justi- 
fy the  expense,  a "master"  can  be  made  and  copies  made  from  it  by  some  standard  repro- 
duction process. 

This  chart  method  is  actually  the  same  as  the  graphical  method  of  solution,  except 
that  by  mshing  the  chsrt  with  gefiei oliiou  cuviuiuuies,  cite  labor  of  plotting  curves  in 
the  solution  of  specific  problems  is  avoided.  live  procedure  for  using  tre  chart  is  one 
which  first  locates  the  minimum- j unjjing-  range  point  in  terms  ol  the  general ized  coordin- 
ates end  then  evaluates  this  point  in  actual  range  units  of  yards. 
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The  chart  csn  be  made  coiuvni  cn  t 1 y by  using  semi-log  cross  - sec  t ion  osper, 


The 


abscisses,  laid  off  on  the  logari tlurie  divisions  represent  range,  =nd  the  ordinstes 
(linear  divisions)  represent  relative  power  levels  in  decibels.  The  ordinates  laid 
off  in  this  way  are  of  course  equivalent  to  the  logeri  threic  ordinate?  .j«oH  Jr,  plotting 
the  curves  of  Figure-  5 end  ? 


The  two  solid  slanting  lines  on  the  chart  have  slopes  of  minus  i zr.i  minus  8,  as 
do  Che  curves  of  Figure  1.  The  "slope  - -4*  line  on  the  chart  represents  the  linear 
portion  of  the  jamming  curve  of  Figure  2.  As  can  be  seen,  this  line  is  continued  left- 
ward beyond  the  linear  portion  into  the  "null"  region.  The  "slope  — -8"  line  which  is 
representative,  in  » sense,  of  the  Pj  curve  (Figure  1)  is  used  only  indirectly  as  a guide 
for  drawing  other  "slope  - -8"  lines  in  the  process  of  solving  specific  problems. 

A movable  scale  which  is  represented  on  the  sample  charts,  is  quite  useful  in 
carrying  out  the  calculations.  This  scale  is  graduated  logarithmic*! ly  and  marked  with 
numerical  range  values  in  this  case,  in  yards.  Although  not  essential,  the  scale  saves 
the  operation  of  multiplying  a pair  of  numbers. 

If  the  scale  is  provided,  the  vertical  lines  on  the  chart  are  unnecessary  except 
for  the  very  heavy  one  at  the  left  labelled  ’ Rq " and  "range-reference  axis". 

If  desired,  however,  tne  scale  can  be  dispensed  with  and  the  range  determination 
made  as  indicated  at  the  end  of  the  firat  example  under  the  heading  "Illustrative  Ex- 
amples". To  make  the  computation  in  this  way,  the  logarithmically  spaced  vertical  line* 
on  the  chart  are  essential. 


PROCEDURE  FOR' USE  OF  THE  CHART 

To  make  an  actual  computation  using  the  chart,  it  is  first  necessary  to  evaluate 
at  least  two  of  three  parameters  defined  as  follows: 


(») 


(b) 


(c) 


db^  - 10  ( log  Pr  - log  Pj ) + Gf  - Gj  + 10  log  an 
- 20  log  hr  hj  f + 122. 18 

dbj-  - 10  (log  ?r  - log  Pj)  + Oj.  - Gj  + 10  Kg  cif 
-2?  log  hf  - 60  log  hj  f + 176.76 

Ro  = 1.355  hf  K f x 10' 3 


The  symbols  are  defined  below  inasmuch  as  they  do  not  have  exactly  the  same  definitions 
in  all  cases  as  in  the  equations  used  earlier  in  this  report. 
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- pulse  power  of  radar  in  arbitrary  units  but  must  be  same  units  as  used  for  P^ 
~ effective  power  o.f  jammer,  as  previously  defined 

= »nin  of  radar  nntermo,  in  decibels  (relative  to  an  "isotrope") 

~ gain  of  jamming  antenna,  in  decibels 

near-zone  ',<■<  cross  section  of  ship  being  screened  in,  in  square  meters  (4) 

— far -zone  rndsr  cross  section  of  same  ship,  in  square  meters  (4) 
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hr  height  of  ra;!»r  antenna  auot’e  v.ftfc-r  su.rfnce,  in  foot 
hj  - height  of  j arraning  antenna,  in  feet 
f — frequency  of  radsr  and  jcnxr.c;,  in  -ssacyrles 
t;c  --  reter;?:v’“  range, " in  yards  from  the  ship 
Logarithms  are  to  the  base  10 , 

Minimum  Jamming  Range  for  Sel f -Screening  Ship 

Step  A,  Near-zone  calculations 

(1)  Compute  db^  by  substituting  actual  values  in  the  foregoing  expression  (a). 

(2)  If  dbfl  is  equal  to  or  greater  than  84,  the  minimum  jamming  range  is  in  the 
far  zone;  consequently,  proceed  immediately  to  Step  Ct 

(3)  If  ub^  is  equal  to  or  less  than  69,  the  minimum  jamming  range  is  equal  to 
0.6  R0  (-8.13  hf  hj  f .10“*).  This  expression  represents  the  complete  solution,  and 
it  is  not  necessary  to  proceed  any  further  than  to  calculate  the  expression, 

(4)  If  db^  lies  between  69  and  84,  the  true  minimum  jsmming  range  must  be  de- 
termined by  calculating  for  a "near-zone  solution"  and  for  "far-zone  solution"  and  then 
taking  the  lesser  of  these  two  ranges  as  the  actual  minimum  jamming  range. 

Step  B,  Near-zone  solution 

(1)  Draw  a line  on  the  chart  pasting  through  the  db  scale  at  the  point  repre- 
senting the  value  computed  for  dbn,  and  parallel  to  the  "slope  --4 " line.  The  line 
thus  drawn  represents  the  echo  power  received  from  the  ship  at  ranges ^in  the  near- 
zone. Note  the  point  at  which  this  line  intersects  the  jamming  curve.  This  point 
represents  the  minimum  j amning  range  for  the  near-zone  solution.  It  is  now  required  to 
evaluate  this  point  numerically. 

(3)  Compute  the  value  of  RQ.  Find  the  point  on  tno  movable  scale  corresponding 
to  this  value.  Place  the  scale  on  the  chart,  with  its  edge  parallel  to  the  range  axis, 
so  that  the  Rc  value  on  the  scale  coincides  with  the  "range-reference"  axis,  the  heavy 
vertical  line  near  the  left  side  of  the  chart. 

(3)  Slide  the  scale  up  or  down,  keeping  the  ^ value  coincident  with  the  "range- 
reference"  axis,  until  the  upper  edge  of  the  sceie  passes  through  the  minimum- j amming- 
range  point  located  in  Step  B (1).  Read  on  the  scale  the  range  figure  corresponding 
to  this  point.  This  is  the  near-zone  solution. 

Step  C,  Far-zone  calcula t i<-ns 

(1)  Compute  dbj  by  substituting  actual  values  in  the  foregoing  expression  (a). 

(2)  If  dbf  is  less  than  20.5,  the  minimum  jarraning  range  is  equal  to  0.6  RQ  (=8.13 
hf  iv  f .10*  ).  This  vaiue  represents  the  complete  solution  and  it  is  not  necessary 
to  proceed  further. 

(j)  If  dbj  is  greater  than  20.5,  the  chart  must  be  used  as  described  in  the  next 

step. 

Step  D,  Far-zone  solution 
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represent*  the  echo  power  received  from  the  ship  st  renges  ii»  the  frr  ?r.nc,  Note  the 
point  nt  which  this  line  intersect*  the  jamming  c.Tve,  This  point  represents  the  tar- 
rone  solution  for  mi  nimum- j amming- ran  ge  , It  is  now  required  to  evaluate  this  point 
numerical ly. 

(2)  Compute  the  value  of  Rq  if  not  already  computed  in  Step  B (2).  Find  the  point 
on  the  movable  scale  corresponding  to  this  value.  Place  the  scale  on  the  chart,  with 
its  edge  parallel  to  the  range  axis,  so  that  the  Rq  value  on  the  scale  coincides  with 
the  "range-reference"  axis,  the  heavy _ vertical  line  near  the  left  edge  of  chart. 

(3)  Slide  the  scale  up  or  down,  keeping  the  Rn  value  coincident  with  the  "range- 
reference"  axis,  until  the  upper  edge  of  the  scale  passes  through  the  mini  nun- j amming - 
range  point  located  in  Step  D (1).  Read  on  the  scale  the  range  figure  corresponding 
to  this  point.  This  is  the  fflr-zone  solution. 

Minimum  Jamming  Range  for  Jammer  at  Fixed  Range 

In  tnis  case,  the  ship  to  be  screened  is  not  the  one  carrying  the  jammer.  The 
jamming  ship  is  assumed  to  be  at  a fixed  range  from  the  radar,  R , and  the  ship  being 
screened  is  ^txisideted  to  be  approaching  the  enemy  radar. 

For  use  of  the  following  method  of  calculation,  two  conditions  also  desirable  for 
optimum  operation  of  the  jammer,  must  be  met: 

(1)  must  be  greater  than  .6  Rq,  and 

(2)  the  jamming  ship  and  the  ship  to  be  screened  must  both  be  on  the  same  bearing 
from  the  radar  --  that  is,  they  must  both  be  "in"  the  radar  beam. 

A jamming  operation  may  be  carried  out  under  conditions  which  do  not  meet  these 
requirements,  but  its  chances  of  success  are  small  unless  it  is  executed  in  accordance 
with  rather  precise  calculations  based  on  accurate  data.  Relatively  smorll  errors  in  the 
data  can  produce  very  large  errors  in  the  result.  On  the  other  hand,  if  conditions 
(1)  and  (2)  above  are  met,  nuch  less  precision  can  be  tolerated. 

Step  A:  Compute  dbn  and  db^,  and  draw  on  the  chart  the  corresponding  "slope  r -4"  and 
"slope  - *8"  lines  as  described  in  the  se 1 f -screening  procedure. 

Step  B:  Compute  R^.  Find  the  point  on  the  movable  scale  corresponding  to  this  range; 
place  the  scale  on  the  chart,  with  its  edge  parallel  to  the  range  axis,  so  that  the  Rq 
value  on  the  scale  coincides  tilth  the  " r an ge- r e f er ence"  axis  on  the  chart.  Now  find 
the  point  on  the  movable  scale  corresponding  Co  the  range  Rj  , the  range  of  the  jammer. 
Slide  the  scale  up  or  down,  in  order  to  find  the  point  on  the  jamming  curve  which  cor- 
responds with  the  range  Rj  . Through  this  point  draw  a horizontal  line  long  enough  to 
intersect  the  two  sloping  lines  previously  drawn. 

Step  C:  The  minimum  jamming  range  is  at  that  intersection  which  has  the  smaller  range. 
This  range  is  measured  in  the  usual  way  with  the  movable  scale,  setting  the  Rq  value 
of  the  scale  over  the  "range-reference"  exi':. 

I LL US TEAT I AE  EXAMPLES 

Kxr.mnle  1;  A jammer  is  in,  tn  I led  aboard  tin  -hip  whose  echo  i s to  be  jinnee!  • this  a:. 
the  :,e  1 1 - screening  cmc)  . flic  pertinent  < Inn'.id  or  t r r ics  of  the  enemy  rnd.-ir  ore  known  , 
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p. 

= !0®  watts 

p. 

— 5000  watts 

1 

J 

Gr 

= 38  db 

r. 

i 

= 12  db 

h 

= 100  feet 

h. 

= 30  feet 

T 

f 

= 1500  megacycles 

) 

°n 

= 7.67  x 104  meters^ 

Uf  - 5.04  x 1014  meters^ 


From  this  dsta,  dbR  is  calculated  to  be  87.  Therefore,  the  minimum  jamming  range  is 
in  the  far  zone  and  procedure  of  Step  C must  be  used. 

Substituting  the  given  data  in  the  expression  for  dbj,  it  is  found  that  dbf  equals 
53.62.  Since  this  is  greater  than  20.5,  the  chart  must  be  used  in  accordance  with  Step  D. 

Proceeding  with  Step  D,  a "slope  = -8"  line  is  drawn  on  the  chart  of  Figure  3 
through  the  53.6  mark  on  the  db  axis.  This  line  is  seen  to  intersect  the  jammer  curve 
at  the  point  labelled  A. 

Next,  Rq  is  computed  and  found  to  be  6100  y~rds.  Placing  the  range  scale  on  the 
chart  with  the  6100-yard  value  on  the  range-reference  axis,  and  sliding  it  up  or  down 
until  the  edge  of  the  scale  passes  through  the  point  labelled  A,  the  minimum  jamming 
range  is  found  to  be  11,000  yards, 

The  minimum  jamming  range  may  be  calculated  without  using  the  movable  scale.  To 
do  this,  note  that  the  point  A has  a range  coordinate  of  1.8  R0.  Then  multiply  this 
vniue  by  (=6100)  to  obtain  the .answer,  10,980  yards  (=  11,000  yards). 

Example  2:  The  jammer  is  at  s fixed  range.  Aasume  that  by  use  of  available  data  it 
has  been  computed  that: 


Ro  - 2000  yards 

rib  = 111 

n 

dbf  = 96 

Suppose  also  that  Rj  = 6000  yurds.  With  a jammer  operating  at  this  fixed  range  from 
the  rider,  it  is  desired  to  determine  how  close  a particular  ship  may  approach  safely. 


The  first  step  is  to  draw  a "slope  = -4"  line  through  the  lil-db  value  on  the  db 
scale  and  to  draw  a "slope  = -8"  line  through  the  96-db  value,  as  shown  on  Figure  4. 
Then  the  movcble  scale  is  placed  on  the  chart  so  that  the  2000  yard  mark  (R0)  of  the 
scale  is  over  the  "range-reference"  axis.  The  scale  is  moved  up  or  down  until  the  6000- 
yard  mar!:  (Rj ) touches  the  jamming  curve  to  establish  the  point  marked  B on  Figure  4. 


The  horizontal  line  is  drawn  through  the  point  B,  and  it  is  seen  that  this  line 
intersects  the  sloping  lines  at  C and  l) , the  forme-  being  nt  the  smeller  range.  The 
range  of  the  point  C is  therefore  measured  with  the  scale,  and  found  to  be  10,000  yards. 
Inis  1 1,  in  the  ' Aar  zone,  ’’  incidental ly , beennso  C is  on  the  ,J:-:Aope  : -8"  line. 
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The  general  construction  plan  of  the  chart  and  scRle  may  be  inferred  from  the  at- 
tached sSmple!.  Tire  «npfi  fic  foiistruct  ion  procedure  is  ks  follows: 


Co  a sheet  of  four-cycle  semi - iogar i t hmi c cross  - sec t ion  paper,  oriented  with  the 
logarithmically  spaced  division  lines  running  vertically,  label  the  starting  point*  of 
the  successive  cycles  as  follows,  from  left  to  right:  0.1RQ,  Ii0,  10RQ,  100Ro;  and  label 

the  enH.nnin*  of  the  last  cycle  lOOOR^.  Now  draw  a heavy  vertical  line  through  the  R 
point,  and  label  it  " range -reference  axis". 

On  the  vertical  line  through  the  lOKo  point,  mark  off  decibel  divisions  from  0 to 
160,  starting  at  the  bottom.  At  the  120-db  level,  draw  a horizontal  line.  This  is  the 
"range  axis." 


Now  plot  the  jamming  curve.  Inis  is  a graph  of  the  equation  shown  below,  plotted 
with  the  range  axis  and  the  range-reference  exis  ■«  the  coordinate  axea . Ordinatea  are 
the  decibel  valuea  and  abscissas  are  range  ( R)  values  in  terms  of  the  reference  runge. 


dfc  - 10  log 


120 


For  convenience  in  plotting,  the  following  is  a tabulation  of  several  values  of  this 
f unct ion: 


Values  of  R: 

0.  5R 

o 

0.6Ro 



0.7B, 

0-8*o 

R 

° 

2Ro 

4Ro 

o 

K 

O 

100R 

o 

"db"  values: 

- GO 

1 

120.8 

121.2 

120 

111 

99.6 

83.9 

43.9 

The  movable  range  scale  ctn  be  constructed  by  pasting  a strip  of  the  same  four- 
cycle log  paper  onto  a straight-edged  piece  of  stiff  material,  such  as  metal,  and  marking 
it  in  terms  of  appropriate  range  values,  for  example,  from  1000  to  100,000  yards. 


NOTICE*  WHEN  GOVERNMENT  OR  OTHER  DRAWING)  . SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CO!  .SECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  L,  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NC'R  ANY  OBLIGATION  WHAT?  i:  VER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISIC;  OR  IN  ANY  WAY  SUPPLIED  THE 


SAID  DRAWINGS  SPECIFICATIONS,  OR  OTHER  DAT<1-  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOTuDF.R  OR  AN 


QTHEF 


PERSON  OR  CORPORATION,  OR  CONVEYING  AFiY  T . : 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  . i ( 


i ^*  * ?**  '*•  '*■  w ii..t  .« f a1  ‘J  i 

N 'NY  WAY  BE  RELATED  THERETO. 
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Date:  15  September,  1999 


From: 

Mary  Templeman 
Code  5227 

To: 

Dr.  Trunk 
Code  5300 

CC: 

Chuck  Rogers  C2^\ 

Code  1221.1 

Subj: 

Review  of  NRL  Report(s) 

Dear  Sir: 

1.  Please  review  NRL-FR-3036  for  a distribution  statement . 
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2.  Please  review  NRL-FR-3086  for  possible  downgrading  and  a distribution  statement*  / 
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Mary  TenVpleman 

(202)767^3425 
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